A new nitrocellulose-based solid-phase multiantigen immunoassay (MAIA) for the detection of serum antibodies to Streptococcus pneumoniae capsular polysaccharides (PPSs) is presented. Evaluation with human sera showed that the MAIA test is reproducible, sensitive, and specific. It correlated well with a conventional ELISA method. The multiantigen strip system allowed quantification of antibodies against several PPS serotypes simultaneously and with a minimal amount of serum specimen. The presented solid-phase immunoassay for the quantification of anti-PPS antibodies seems to be a superior and attractive alternative to currently used ELISA tests and offers possibilities for standardization. Roskilde, Denmark) were coated for 5 h at 37ЊC with 110 mL of a solution of 10 mg of PPS or CPS/mL in PBS, pH 7.4, per well.
nia, and sepsis [1, 2] . Recent emergence of antibiotic-resistant lot 89-SF) consisting of sera from 17 healthy adults vaccinated strains stresses the need for safe and efficacious vaccines [3] .
with the 23-valent pneumococcal polysaccharide vaccine (vacci- To evaluate the efficacy of existing and newly produced poly- needed [4] . Currently used ELISA techniques have some shortfor PPS serotypes 19F (13 mg/mL), 14 (27.8 mg/mL), 6B (16.9 comings. Their reproducibility is limited by poor and inconsistent mg/mL), 1 (6.3 mg/mL), 9V (6.9 mg/mL), 4 (4.1 mg/mL), and 18C binding of capsular polysaccharide (PPS) to plastic surfaces [4, (4.5 mg/mL).
5]. Contamination of PPS preparations with cell wall polysaccha-
For further evaluation of the test, 101 consecutive sera from umbilical cord blood (cord sera) submitted to the diagnostic divirides of S. pneumoniae may lead to nonspecific binding of antision of our institute between 1991 and 1993 were used. Sera from bodies [6] . Also, ELISAs require separate tests for each serotype 11 patients vaccinated because of splenectomy were examined.
investigated. Standardization of the ELISA for the comparability Paired sera taken before (range, 2 weeks to 30 months) and after of results within and between laboratories has not been possible (range, 2 weeks to 3 years) vaccination were available from 6 so far [4] . Despite claims that RIA is not affected by the presence patients, and single sera after vaccination (range, 1-13 months) of antibody to CPS [7, 8] , several investigators have used a variety from 5 additional patients. In addition, antibodies were measured of approaches in vitro [4] [5] [6] and in experimental animals [6, 9] in a patient with invasive infection due to S. pneumoniae serotype to show that such antibody is detected. However, those methods 9N. All sera were stored at 020ЊC.
involve handling of radioactivity and also pose problems with sensitive, solid-phase immunoassay system offers a wide appli-ELISA. IgG antibodies to PPSs of serotypes 14 and 19F were cation potential. Here we describe the adaptation of this techmeasured in a modified ELISA system as described by Musher et nique to quantify IgG serum antibodies against PPSs of various al. [11] . Briefly, 96-well microtiter plates (Maxisorb; Nunc, S. pneumoniae serotypes.
Roskilde, Denmark) were coated for 5 h at 37ЊC with 110 mL of a solution of 10 mg of PPS or CPS/mL in PBS, pH 7.4, per well.
Material and Methods
Excess antigen was removed by 5 washes with PBS. All sera Serum samples. The donor pool was 100 sera from healthy diluted 1:50 with PBS-0.05% Tween 20 (PBS-Tween) were preadult blood donors of unknown pneumococcal vaccination status adsorbed with 10 mg of CPS/mL for 30 min. Preadsorbed vaccinated pool was used in seven 2-fold dilutions starting at 1: performance of the most commonly used ELISA [4, 5] . The using a commercial radioiodination kit (Bio-Rad, Richmond, CA) excellent reproducibility of the MAIA suggests that nitrocellu- [14] . Antigen retention was monitored over the entire assay, except for the color reaction step, using blood donor aliquots and nonconlose might have better adsorption qualities for polysaccharides over a broad range of antibody levels for various serotypes niae serotypes simultaneously and with a minimal amount of serum. For example, 1 person can test a large number of sera of S. pneumoniae indicate that MAIA is a sensitive assay. Differences between the two tests might also be at least partly against 12 serotypes in 1 day. Second, in our laboratory, the antigen-coated nitrocellulose strips have been stable over at due to shortcomings of the ELISA.
Contamination of PPS preparations with CPS of S. pneumoleast 1 year. Prepared nitrocellulose strips could be distributed by one center. This would obviate a special infrastructure (e.g., niae necessitate the preadsorption of sera for ELISA [6] . This extends also to MAIA. Recently, Nahm et al. [8] claimed that the Linomat applicator for uniform coating of the polysaccharide) in individual laboratories and it would save time. Most a modified Farr assay was less affected by CPS contaminations and more specific than ELISA. However, the Farr test involves importantly, it would enhance comparison of results within and between laboratories. radioactivity. Also, the study by Nahm et al. [8] demonstrated that preadsorption of sera for ELISA led to good correlation
In conclusion, MAIA seems to have potential as a rapid, sensitive, specific assay for the quantification of IgG antibodies with results from the modified Farr assay [8] .
The new MAIA has important advantages that existing tests against PPS of S. pneumoniae. The principle of this assay offers a greater possibility of standardization than do commonly used do not share. First, the principle of multiantigen-carrying strips allows determination of antibody levels to various S. pneumotests. / 9d2f$$au21 06-24-97 13:57:36 jinfal UC: J Infect
